A previous study by the authors evaluated the efficiency of producing multi-oxidants using anodes coated in precious metal. This study showed that a titanium anode coated in ruthenium generates the largest amount of active chlorine (chlorine dioxide). The results from the efficiency evaluation also show that DuPont Nafion N-2030 ion film is the most efficient of the diaphragms that were tested.
INTRODUCTION
Taiwan faces a water shortage issue due to global climate changes. Measurements must be made to counteract the future shortage of water resources. A stable alternative water source, such as desalinated water, may be necessary to meet the demand for water in areas where water shortages are likely. Although desalination involves high operational costs, huge energy consumption, and the release of concentrated brine, it is still used to supply water in arid areas of the world. Direct draining of the brine that is produced by seawater reverse osmosis (RO) desalination processes causes an increase in the salinity of the surrounding seawater (Khawaji et al. ) . Changes in salinity can affect the balance of the osmotic pressure between the body fluids of marine organisms and the surrounding seawater. The respiration and excretion processes for many marine life forms are significantly affected by the salinity of their surroundings.
This study uses a self-developed diaphragm electrolysis technology to recover, reuse and recycle concentrated brine that is emitted from desalination plants (Bergmann & Oh & Oh ), and the disinfecting solution that is produced by this process replaces the commercial disinfectants that are used in the desalination plant.
MATERIALS AND METHODS
The diaphragm electrolysis method that is used in this study is a modification of the Hooker S-3 Type Salt Dia- 
RESULTS AND DISCUSSION
Batch electrolysis of sodium chlorite to which brine is added
The brine that derives from a desalination plant is 1.5 times more dense than normal seawater; the salinity of the brine is 11.3% of that of saturated brine (27% NaCl). and ClO 2 in the multi-oxidant that is generated from the brine when 6% NaClO 2 (final concentration) is added at different temperatures. Figure 4 illustrates the comparison of the levels of ClO 2 with Cl 2 that is generated from brine to which is added 6% NaClO 2 at 12 V and 40°C. Levels of ClO 2 reached maximum concentration 30 minutes after initiation of reaction and gradually dissipated afterward.
By contrast, levels of Cl 2 increased over the full course of the experiment. Figure 5 shows that significantly more is added into the anode electrolyte, so it is necessary to determine the effect of different concentrations of NaClO 2 in the medium on the production of ClO 2 (Jin et al. ) .
Figures 7 and 8 show the yields of Cl 2 and ClO 2 generated from brine that has different concentrations of NaClO 2 (2%, 4%, 6% and 8%) added at 40°C and 12
V. The amount of ClO 2 that is produced increases when the concentration of NaClO 2 is increased. However, the 
Continuous electrolysis using brine
In order to determine the maximum current that can be generated in the brine, the process was performed using a and ClO 2 increase when the inflow rate for the anode electrolyte decreased. Therefore, an increase in the residence Figure 7 | The yield of ClO 2 that is generated from brine to which is added different concentrations of NaClO 2 .
Figure 6 | The yield of Cl2 that is generated from brine which is added 6% NaClO2 at 40°C
for different voltages. concentration reaches a maximum value after 10 minutes.
As the process proceeds, the chemical and electrochemical reactions in the electrolyte reach an equilibrium state.
The yield is stable after 30 minutes. When the inflow rate for the anode electrolyte is 120 mL min −1 , similar results are obtained, and there is a steady concentration of 60 mg L −1 .
Examination of the disinfection byproducts of the multi-oxidant that is produced from the brine
To determine whether the multi-oxidant that is recycled from the brine can be used to produce drinking water, a disinfection byproduct test was performed (Robert ; Jung et al. ;
Oh et al. ). The raw material for examination was the brine derived from the Nangan Third Stage Desalination Plant in Matsu, Taiwan. The disinfection byproduct analysis used the multi-oxidant that is generated from the brine and 6% NaClO 2 was directly added at 40°C and 12 V. Table 1 lists the results for the presence of disinfection byproducts ). Therefore, the multioxidant products that are recovered from the brine from desalination plants can be used to produce drinking water.
Examination of disinfection efficiency of the multi-oxidant products produced from brine
In this study, the disinfection efficiency of multi-oxidant that is produced in the laboratory electrolysis is compared with efficiency for 1 ppm commercial 10% hypochlorous acid (Wood & Martin ) . The concentration of 1 ppm Cl 2 is calculated as the concentration of effective chlorine for an original solution of multi-oxidant products that contains approximately 40% Cl 2 . Figure 11 shows that both disinfectants reach maximum potency after 10 minutes of reaction.
The disinfection efficiencies of the commercial disinfectant (10% hypochlorous acid) and the multi-oxidant products that are recovered from brine are 28% and 93%, respectively. The multi-oxidant products that are produced using brine are two to four times more efficient than the commercial disinfectant. It is thought that in addition to ). Additionally, a comparison of the disinfection efficiency between 1 ppm of commercial hypochlorous acid (10%) and the multioxidants produced by the electrolysis procedure shows that the disinfection efficiency of the multi-oxidants was three times greater than that of hypochlorous acid (93% vs. 28%).
This study is the first to produce multi-oxidants by the electrolysis of concentrated brine from a desalination plant in Taiwan. The process addresses the issue of the difficulty of water transportation and disinfectant recession in outlying islands. We believe that our current investigation may provide a safe and simple method to produce oxidants.
Additionally, we demonstrated that an insoluble anode used for electrolysis is a cheaper alternative practice than the electrolytic recovery electrode plates that are conventionally used in industry.
In conclusion, the multi-oxidants that are produced by recycling brine from a desalination plants can be used for the preparation of drinking water and the process may be economically viable. Results from our current investigation may serve as a reference for other desalination plant in
Taiwan.
